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We aimed to assess the effectiveness of 'Paesaggi di Prevenzione', a school-based prevention program 
delivered by trained teachers and designed to tackle smoking, alcohol misuse, dietary risks, and physical 
inactivity in adolescence. 
We evaluated the program between 2010-2013 with a two-arm, parallel-group, multicentre cluster 
randomized controlled trial in which schools were the units of randomization. We collected data on health-
compromising behaviours using self-reported measurements of behaviour frequency administered before 
and after program implementation. We used multivariable mixed-effects logistic regression models to 
estimate program effects on health-compromising behaviours. 
The analysis sample included 3,410 middle school students and 1,651 high school students. Among middle 
school students, mean age at baseline was 12 years (standard deviation [SD] 0.5 years), 51% were boys, and 
41% had high socioeconomic status [SES] (defined as having at least one parent/guardian with university 
level education). In high school students, mean age at baseline was 14 years (SD 0.7 years), 56% were boys, 
and 31% had high SES. The program did not have effects on smoking, alcohol misuse, and physical activity. 
The program had iatrogenic effects in regard to some eating behaviours, resulting in (i) lower odds of fruit 
consumption among middle-school students (odds ratio [OR] 0.82; 95% confidence interval [CI] 0.68-0.99) 
and (ii) lower odds of having breakfast every day in high-school students at the post-intervention 
measurement (OR 0.76; 95%CI 0.58-0.99) but not at one-year follow-up (OR 0.94; 95%CI 0.69-1.28). 
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Twelve percent of Italian children aged 11-15 years old have smoked at least once in their life, and 
this proportion ranges from 1% among 11-year-olds to 29% among 15-year-olds (Cavallo et al., 
2016). Around 57% of them have drunk alcohol at least once, ranging from 36% among 11-year-olds 
to 80% among 15-year-olds. By contrast, only 17% ate fruit, 11% ate vegetables more than once a 
day, and only 11% achieved the WHO-recommended 60 minutes of daily physical activity (WHO, 
2010). In adolescence, engaging in risky behaviour and avoiding healthful behaviour increases not 
only the risk of short-term effects on physical and psychological health (Elders et al., 1994; Marshall, 
2014; Strauss, 2000; Swallen et al., 2005), but has also been associated with deleterious health 
effects in adult life (Biro and Wien, 2010; Elders et al., 1994; Freedman et al., 2005; McCambridge et 
al., 2011). For this reason, a number of international initiatives have highlighted the value of 
preventing health-compromising behaviours and thus reduce the burden of disability and mortality. 
The European ‘Gaining Health’ strategy (WHO Europe, 2006) produced a political response in Italy 
(DPCM 4 Maggio, 2007) which set the objective of reducing four health-compromising behaviours at 
a national level: smoking, alcohol misuse, dietary risks, and physical inactivity. The Regional 
Authority of Emilia-Romagna, a large administrative area in Northern Italy (population in 2017: 4.4 
million (Italian National Institute of Statistics (ISTAT), 2017)), has been particularly active in fostering 
actions to meet the national objective. These included the development of a successful program to 
prevent smoking in adolescence (Bosi et al., 2013; Gorini et al., 2014), and ‘Paesaggi di Prevenzione’, 
an ambitious multi-component school-based program aimed at preventing all of the four health-
compromising behaviours addressed by the ‘Gaining Health’ prevention strategy in Italy (Allara et 
al., 2015). 
It is well established that some risk behaviours such as alcohol misuse, tobacco smoking, dietary 
risks and physical inactivity cluster in adolescence, both at a group level and at an individual level 
(Basen-Engquist et al., 1996; Dumith et al., 2012; Farhat et al., 2010; MacArthur et al., 2012; Nunes 
et al., 2016; Silva et al., 2012; WHO Europe, 2006), and are associated with increased and 
cumulative risk of poor educational attainment, morbidity and premature mortality (Khaw et al., 
2008; Kvaavik et al., 2010). When ‘Paesaggi di Prevenzione’ was devised, the approach of targeting 
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some of these risk behaviours simultaneously appeared particularly attractive in terms of efficiency. 
Although some programs had targeted multiple risk behaviours (Faggiano et al., 2008; Noar and 
Zimmerman, 2005), no universal program had aimed to simultaneously prevent all of the four 
health-compromising behaviours targeted by the ‘Gaining Health’ strategy in Italy. In this study, we 
aimed to assess the effectiveness of ‘Paesaggi di Prevenzione’ in reducing smoking, alcohol misuse, 
dietary risks, and physical inactivity. 
 
Methods 
The ‘Paesaggi di Prevenzione’ program 
Detailed information about the ‘Paesaggi di Prevenzione’ program is available elsewhere (Allara et 
al., 2015; Angelini et al., 2013). Briefly, ‘Paesaggi di Prevenzione’ is a universal, multi-component 
prevention program aiming to develop life skills in 12 to 14 years old students and reduce initiation 
to tobacco smoking and alcohol misuse, dietary risks, and physical inactivity. The program is based 
on two components, a classroom component and a school policy. The classroom component 
comprises a 4-track interactive classroom curriculum, one for each behaviour targeted, delivered by 
trained teachers with the support of audio-visual media. Teachers can choose the pathways to 
implement, tailoring the program to the specific needs of their students. Interactive classroom 
activities aim to enhance decision making skills, problem solving, personal and interpersonal skills, 
stress and emotion management, and effective communication. Teacher training follows a train-the-
trainer model. In this evaluation study, 80 public health professionals and lead teachers (who were 
trained over two 8-hour sessions administered centrally at the Health Promotion centre of the 
Italian League against Cancer [LILT] in Reggio Emilia, Italy) trained 271 teachers over three 4-hour 
sessions. 
The second component of the program consists in the development of a school policy involving 
students, teachers and families, which is approved by school authorities (Allara et al., 2015). School 
policy comprises smoking bans for both student and teachers inside and outside school facilities, 
prohibition to use alcohol during school events, promotion of use of healthy foods in selling 
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machines and canteens, walking activities involving families and local communities, and team 
games. 




We evaluated the effectiveness of ‘Paesaggi di Prevenzione’ with a two-arm, parallel-group, 
multicentre cluster randomized controlled trial in which schools were the units of randomization 
and students were the units of analysis. We followed CONSORT guidelines for randomized 
controlled trials (Schulz et al., 2010). Further details on the study design are available herein and in a 
previous publication (Allara et al., 2015). 
Trial registration. We registered the study prospectively on www.controlled-trials.com with number 
ISRCTN00953701.   
Enrollment and sample size. We enrolled state middle schools from all urban administrative areas of 
the Emilia-Romagna region in Italy, and state high schools from all urban administrative areas 
except those based in Reggio Emilia as they were already involved in another trial (Bosi et al., 2013; 
Gorini et al., 2014). We anticipated the sample size separately for middle and high school students, 
based on the health-compromising behaviour anticipated to have the lowest baseline prevalence, 
i.e. tobacco smoking (Allara et al., 2015). We estimated that a baseline sample of 5200 middle 
school and 3400 high school students would have been needed to detect a 30% reduction in past-
30-day smoking prevalence in the intervention group, while assuming 80% power, 5% probability of 
type I error, and 0.039 intraclass correlation coefficient. 
School selection, randomization and allocation concealment. From all schools that expressed their 
interest in the trial, we extracted a random sample meeting the requirements of power estimation. 
We stratified the schools included in the trial by socioeconomic status (SES), number of students, 
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type (high vs. middle school) to form balanced strata, each comprising two schools. We matched 
high schools also by subtype, i.e. vocational or preparatory. Within each stratum, we randomly 
allocated schools to the experimental or control group using a computer-generated list of random 
numbers. An independent contractor, Università del Piemonte Orientale conducted the allocation 
procedure centrally. 
Process evaluation. We collected information regarding number and type of program track 
implemented from teachers for each class in the intervention group. 
Study groups. Students in the intervention group received the ‘Paesaggi di Prevenzione’ program 
from January 2011 to April 2012. Students in the control group received the standard school 
curriculum over the same period and were not exposed to other structured prevention programs. 
Only teachers of the intervention group (n=271) followed the training. All classes in the intervention 
group were exposed to the school policy components while only a subset was exposed to all 
behaviour-specific tracks. 
Measurements. Students from both study groups completed a questionnaire prior to program 
administration, between October and December 2010, and a post-intervention questionnaire in 
May 2012. High school students also filled out a third questionnaire in May 2013. Further 
information about the measures used in this study is available in Appendix A. 
 
Ethics 
The Ethics Committee of the Local Health Authority of Reggio Emilia, Italy approved the study (Allara 
et al., 2015). Students, parents and guardians were informed about the purpose and methodology of 
the trial, and students had the option to opt out at any moment. Questionnaires were anonymous 
and we performed linkage between pre- and post-intervention questionnaires using anonymous 9-
character identification codes generated by the students. This approach was validated (Galanti et al., 





We assessed program effects on 4 health-related behaviours reflected by 14 outcomes. In line with 
similar studies focusing on adolescent health behaviour (Angelini et al., 2010; Currie et al., 2008; 
Faggiano et al., 2007; Sloboda et al., 2009b), we selected the following outcomes: (i) past-30-day 
cigarette smoking and alcohol misuse, (ii) relevant eating behaviours such as fruit and vegetables 
consumption, breakfast frequency, drinking of sugar-sweetened beverages, eating of crisps, snacks, 
cakes, and ice creams; (iii) frequency of moderate or vigorous physical activity, the latter defined as 
‘any activity that results in increased heart rate and breathlessness some of the time for at least 60 
minutes’ (Adams et al., 2013); (iv) frequency of sedentary behaviour such as watching television and 
using computers or videogames (Currie et al., 2008). Further information about the measures from 
which these outcomes originate is available in Appendix A. 
 
Statistical analysis 
We analysed middle and high school students separately and in their original assigned group, 
regardless of the dosage of intervention received, and in line with the intention-to-treat approach. 
Owing to the high proportion of missing data observed for some outcomes, we complemented this 
using multiple imputation (Ian R. White et al., 2011).  
We checked the distribution of baseline sociodemographic variables and health behaviours in the two 
study groups with crosstabulations as described previously (Allara et al., 2015). We carried out similar 
descriptive analyses to evaluate the distribution of post-intervention health behaviours. To account 
for intra-school clustering, we fitted mixed effects logistic regression models assuming that the log 
odds of health behaviour varied randomly between schools. For each health behaviour assessed at 
post intervention, we built a separate regression model adding a random intercept for each school, a 
fixed binary effect for the intervention (1 = intervention group; 0 = control group), and the following 
potential confounders: a fixed binary effect for the behaviour at baseline, continuous age, gender, 
socioeconomic status (SES), and parent origin (Kahan et al., 2014; Roberts and Torgerson, 1999). We 
used parent educational level as a proxy for SES, in line with previous research (Gorini et al., 2014): 
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low SES indicated that both parents or guardians had either an elementary school or a middle school 
diploma; average SES meant that at least one parent or guardian had a high school diploma; high SES 
indicated that at least one parent or guardian had a university degree. We recoded parent origin as a 
binary variabile: at least one parent of Italian origin vs. both parents of non-Italian descent. For high 
school students, the regression model included an additional parameter indicating if the student was 
attending a vocational or a university-preparatory school. 
The proportion of missing data in the outcomes ranged from <1% to 7% for middle schools and from 
<1% to 45% for high schools (<1% to 21% when considering only baseline and post-intervention 
measurements). While the proportion of missing data was similar if not lower compared to other 
prevention trials (Bell et al., 2014; Nanchahal et al., 2012), exclusion of participants with missing data 
is inefficient and can lead to bias if participants excluded from analysis differ in some respect from 
those who are included. Furthermore, although the pattern of missingness in this study was 
dominated by attrition, we observed some baseline and intermediate missing outcomes. We 
therefore imputed missing data using a multiple imputation with chained equations approach that 
does not require a particular pattern of missingness and allows imputing the outcome of interest 
simultaneously for all measurements (Nanchahal et al., 2012; Royston, 2004; Ian R White et al., 2011). 
For each outcome variable, we fitted 7 joint imputation models. Each imputation model included one 
of the following variables as the response variable and all the others as predictors of missingness: 
outcome at baseline, outcome at post-intervention, outcome at 1-year follow-up (only for high 
schools), age, gender, SES, parent origin. Each imputation model also included two nonmissing 
predictors of missingness: school identifier and (only for high school students) a binary parameter 
indicating vocational vs university-preparatory school. We allowed 200 imputation datasets per 
outcome and conducted analyses separately for the intervention and control groups and for middle 
and high schools. We fitted mixed-effects regression models within each imputation dataset and then 
calculated their pooled estimate as per Rubin’s rule (Rubin, 1976). As sensitivity analysis, we repeated 







Figure 1 summarizes the trial profile. The study included 44 middle schools and 34 high schools 
equally allocated to two study arms. At baseline, mean age of middle school students was 12 years 
(standard deviation [SD] 0.5 years), 51% were boys, and 41% had high socioeconomic status [SES], 
defined as having at least one parent/guardian with university-level education. In high schools, mean 
age at baseline was 14 years (SD 0.7 years), 56% were boys, and 31% had high SES. Further information 
about baseline characteristics is available in a separate paper (Allara et al., 2015).  
Among middle school students, 2384 students in the intervention group and 2316 in the control group 
received the pre-intervention questionnaire. After merging questionnaires collected before and after 
the intervention, we analysed 1827 students in the intervention group and 1583 students in the 
control group. Among high school students, 1389 students in the intervention group and 1563 in the 
control group received the pre-intervention questionnaire. After matching the questionnaires of 
students who were present at baseline and at least one post-intervention measurement (thereby 
excluding those present only at baseline), the analysis sample included: at baseline, 755 participants 
in the intervention arm and 896 in the control arm; in the post-intervention measurement, 
respectively 718 and 729; at one year of follow-up, 440 and 558. 
 
Program implementation 
Among schools randomized to the intervention arm, all 109 middle school classes and 56 of the 63 
high school classes (89%) implemented at least one of the program’s four tracks (a minority of high 
school classed could not implement any tracks due to teachers’ competing teaching commitments). 
No classes from middle schools and one class from high schools implemented all tracks. In middle 
schools, 92% of classes were administered the diet-related track, 39% the smoking prevention track, 
25% the physical activity track, and 9% the alcohol prevention track. In high schools, around 51% of 
classes implemented the alcohol prevention track, 46% the smoking prevention track, 40% the diet-
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related track, and 22% the physical activity track. All classes in the intervention group were exposed 
to the school policy component. 
 
Program effectiveness 
This section presents associations estimated after multiple imputation of missing data. These findings 
are consistent with the corresponding estimates from complete-case analysis (Appendix B). 
Tobacco smoking and alcohol misuse 
The program did not produce effects on smoking (Table 1) and alcohol-related behaviour (Table 2) 
among middle and high school students, although we observed a small, non-significant protective 
effect in regard to frequent alcohol misuse in middle school students. 
Eating behaviour 
Middle schools. The program decreased daily consumption of fruit (odds ratio [OR] 0.82; 95% 
confidence interval [CI] 0.68-0.99) after multiple imputation and while adjusting for fruit consupmtion 
at baseline, age, sex, SES, and parent origin (Table 3A). 
High schools. In the post-intervention measurement (Table 3B), the program reduced the odds of 
having breakfast every day (OR 0.76; 95%CI 0.58-0.99) after multiple imputation in the adjusted 
model. This effect disappeared at the one-year follow-up measurement (OR 0.94; 95%CI 0.69-1.28). 
Physical activity and sedentary behaviour 
There is no evidence of program effects regarding physical activity and sedentary lifestyle of middle 
and high school students (Table 4). 
 
Discussion 
This multicentre randomized controlled trial is the largest carried out in Italy to evaluate a behavioural 
prevention program. Furthermore, this trial assesses the first prevention program aiming to 
simultaneously tackle four risk behaviours in adolescence. However, its findings are disappointing. 
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The program did not elicit behavioural changes in regard to smoking, alcohol misuse and physical 
activity, and reduced consumption of fruit and vegetables among middle school students. 
At the time of writing and to the best of our knowledge, no other study has evaluated interventions 
aimed at simultaneously preventing the four health-compromising behaviours evaluated in this trial. 
However, it is possible to compare the effects of this study with those of the studies that have 
evaluated these behaviours separately. The literature supports the effectiveness of some 
interventions that aim to prevent alcohol misuse (Allara et al., 2016; Faggiano et al., 2010; Foxcroft 
and Tsertsvadze, 2011), poor eating behaviour (Waters et al., 2011) and insufficient physical activity 
(Waters et al., 2011) among adolescents. There is limited agreement on the effectiveness of smoking 
interventions for smoking prevention (Thomas et al., 2013) although some studies have shown 
promise (Faggiano et al., 2010; Gorini et al., 2014). 
It is possible that the complexity of addressing simultaneously four risk behaviours may have been a 
hindrance to implementation fidelity and therefore partly responsible for the unintended effects on 
diet and physical activity. ‘Paesaggi di Prevenzione’ was designed to promote the empowerment of 
students through an exploration of their own needs and desires, in order to increase self-awareness, 
self-efficacy and self-determination (Allara et al., 2015; Angelini et al., 2013; Bosi, 2012; Bosi et al., 
2013; Botvin and Griffin, 2004). The program was also devised to actively engage the students, their 
families and teachers, and in turn elicit shared decisions to change the environment around the 
students. Such a change would produce school policies embedded in a school manifesto summarizing 
the vision of each school on health-compromising behaviours and the actions that would follow. The 
effects of school policies on lifestyle have been evaluated by a growing number of studies (Coppo et 
al., 2014), and a large trial has shown favourable findings on smoking in adolescence (Gorini et al., 
2014). However, in order to ensure that all phases are conducted efficiently and effectively, it is 
necessary that all tasks are properly manualized and monitored (Sloboda et al., 2009a). While the 
manualization of components on alcohol and smoking was well defined in ‘Paesaggi di Prevenzione’, 
information on the delivery of the diet and physical activity components was more concise. 
Furthermore, it has been noted that most teachers who had previous experience promoting healthful 
diet and physical activity, used to do so by focusing on knowledge rather than life skills. Together, lack 
of detailed manualization and excessive focus on knowledge components may have contributed to a 
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greater variability in program implementation, causing part of the iatrogenic effects on these 
behaviours. 
This trial has some limitations. Firstly, there is a considerable proportion of missing data. This is in line 
with other prevention studies (Bell et al., 2014; Nanchahal et al., 2012) and has been explicitly 
addressed at the analysis stage using multiple imputation methods. It is worth noting that multiple 
imputation can provide unbiased estimates when the data is missing at random, i.e. when—given the 
observed data—the missingness mechanism does not depend on unobserved data. Owing to ethical 
concerns and anonymization procedures, our dataset could not capture some potential predictors of 
missingness such as individual school absenteeism and performance. However, in our imputation 
models we accounted for all predictors of missingness available in our dataset, including SES, origin, 
and (for high school students) attendance at vocational school—all factors that are associated to 
school absenteinsm and performance (Banerjee, 2016; Goldstein et al., 2003). Secondly, it was 
possible to administer only one post-intervention questionnaire to middle school students, limiting 
the amount of information that could be captured. Middle school lasts three years in Italy, and this 
renders longer follow-up expensive as it requires individual tracking of each student as they progress 
to high school. Owing to resource constraints, this solution was not practicable. Thirdly, the modular 
structure of the program enabled teacher to tailor the program to the needs of their class, which may 
have diluted program effects on some behaviours. However, the intention to treat effects presented 
in this paper generally overlap with additional analyses that we performed to estimate the effect of 
specific tracks of the program on their target behaviour (for example, the effects of the alcohol 
prevention track on alcohol use). This suggests that the modular structure of the program is unlikely 
to have had a substantial impact on the program results. These effects may instead be related to how 
the program was manualized and delivered. 
It is worth noting that the ‘Paesaggi di Prevenzione’ trial is one of the few conducted in Italy for the 
evaluation of a prevention intervention. Only a minority of prevention interventions are evaluated in 
Italy (Coffano, 2009), and even fewer are evaluated by appropriate studies (Faggiano et al., 2014). 
This is partly due to the perception that a rigorous evaluation necessarily requires considerable 
resources. This perception has an impact on both research and practice, hindering the advancement 
of prevention science and the supply of effective programs. This study shows that it is possible to 
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conduct a large and rigorous study without specific funds, if health professionals and the institutions 
to which they belong are engaged from the beginning and feel committed to the project, under the 
scientific coordination of academic research centres. 
Overall, due to the presence of possible iatrogenic effects, ‘Paesaggi di Prevenzione’ does not appear 
suitable to be disseminated in its present form. The results of this study confirm that prevention 
programs based on the best theoretical approaches may be ineffective, and highlight the importance 
of evaluating all novel prevention interventions. 
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Figure 1. Study profile 
a From all administrative areas in the Italian region of Emilia-Romagna b From all administrative areas in the Italian region of Emilia-Romagna except for Reggio 
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Table 1. Adjusted program effects on cigarette smoking after multiple imputation of missing data 
 
A. Middle schools 
 
   Baseline  Post-intervention 
 Intervention Control  Intervention Control  AOR 
    % (N=1827) % (N=1583)  % (N=1827) % (N=1583)  OR (95% CI) 
Past-30-day tobacco smoking: current (1+time)      




 At least once 1.4 1.3  5.3 5.2 
 Missing 6.1 7.0  2.1 2.1 
Past-30-day tobacco smoking: frequent (20+)      




 20+ times 0.2 0.3  1.3 1.2 
 Missing 6.1 7.0  2.1 2.1 
 
B. High schools 
 
   Baseline  Post-intervention  One-year follow-up 
 Intervention Control  Intervention Control  AOR  Intervention Control  AOR 
    % (N=755) % (N=896)  % (N=755) % (N=896)  (95% CI)  % (N=755) % (N=896)  (95% CI) 
Past-30-day tobacco smoking: current (1+time)           








 1+ times 17.3 13.8  25.0 24.1  18.9 22.1 
 Missing 6.0 5.6  21.0 21.2  44.4 38.8 
Past-30-day tobacco smoking: frequent (20+)           








 20+ times 5.1 6.4  12.2 11.1  10.9 10.9 
 Missing 6.0 5.6  21.0 21.2  44.4 38.8 
 
AOR, adjusted odds ratio of program effect accounting for behaviour at baseline, continuous age, sex, SES, origin, and (only for high-school students) 
attendance at vocational school  
CI, confidence interval 
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Table 2. Adjusted program effects on alcohol drinking after multiple imputation of missing data 
 
A. Middle schools 
 
   Baseline  Post-intervention 
 Intervention Control  Intervention Control  AOR 
    % (N=1827) % (N=1583)  % (N=1827) % (N=1583)  (95% CI) 
Past-30-day alcohol misuse: current (1+)      




 At least once 1.5 1.4  2.6 3.4 
 Missing data 6.3 7.3  2.0 2.2 
Past-30-day alcohol misuse: frequent (3+)      




 3+ times 0.6 0.4  0.5 1.1 
 Missing data 6.3 7.3  2.0 2.2 
 
B. High schools 
 
   Baseline  Post-intervention  One-year follow-up 
 Intervention Control  Intervention Control  AOR  Intervention Control  AOR 
    % (N=755) % (N=896)  % (N=755) % (N=896)  (95% CI)  % (N=755) % (N=896)  (95% CI) 
Past-30-day alcohol misuse: current (1+)           









 1+ times 7.3 7.1  16.6 14.9  11.4 15.1 
 Missing 6.1 6.4  21.3 21.2  45.0 38.8 
Past-30-day alcohol misuse: frequent (3+)           









 3+ times 2.4 2.0  3.9 4.8  2.8 3.8 
 Missing 6.1 6.4  21.3 21.2  45.0 38.8 
 
AOR, adjusted odds ratio of program effect accounting for behaviour at baseline, continuous age, sex, SES, origin, and (only for high-school students) 




Table 3. Adjusted program effects on eating behaviour after multiple imputation of missing data 
 
A. Middle schools 
 





n Control  AOR 




(N=1583)  (95% CI) 
Vegetables consumption every day        





 Every day 34.9 35.4  29.4 32.9 
 Missing data 1.0 1.0  0.7 0.2 
Fruit consumption every day        





 Every day 40.0 41.3  33.0 37.4 
 Missing data 0.9 1.0  0.9 0.3 
Breakfast every day        





 Every day 70.8 72.2  66.1 67.7 
 Missing data 0.4 0.4  0.2 0.5 
Sugar-sweetened drinks 4+ times/week       





 4+ times/week 38.6 38.1  36.6 34.9 
 Missing data 1.6 0.8  0.8 0.9 
Crisps and snacks 4+ times/week        





 4+ times/week 31.7 31.7  27.0 26.6 
 Missing data 2.9 3.2  1.5 1.4 
Cakes and ice creams 4+ times/week        





 4+ times/week 36.2 36.6  36.0 38.3 
 Missing data 1.6 1.7  0.7 0.8 
 
B. High schools 
 
   Baseline  Post-intervention  One-year follow-up 
 Intervention Control 
 Interventio
n Control  AOR 
 Interventio
n Control  AOR 
    % (N=755) % (N=896)  % (N=755) % (N=896)  (95% CI)  % (N=755) % (N=896)  (95% CI) 
Vegetables consumption every day             










 Every day 32.2 29.6  24.5 25.1  19.4 22.4 
 Missing data 0.9 0.9  18.4 18.8  41.9 37.4 
Fruit consumption every day             










 Every day 36.7 32.9  27.7 25.8  18.2 20.8 
 Missing data 0.7 0.7  18.2 19.0  42.3 38.0 
Breakfast every day             










 Every day 64.2 64.8  48.5 51.4  37.1 42.6 
 Missing data 0.4 0.3  18.1 18.5  41.9 37.4 
Sugar-sweetened drinks 4+ times/week            










 4+ times/week 43.5 43.6  28.9 31.0  17.7 16.8 
 Missing data 1.5 0.9  18.4 18.9  42.2 37.6 
Crisps and snacks 4+ times/week            










 4+ times/week 36.7 34.6  23.7 23.2  14.4 13.4 
 Missing data 1.6 1.7  18.6 19.5  42.3 38.0 
Cakes and ice creams 4+ times/week            










 4+ times/week 41.0 39.1  33.2 33.6  21.9 21.5 
 Missing data 1.3 1.9  18.6 18.7  42.3 37.3 
 
AOR, adjusted odds ratio of program effect accounting for behaviour at baseline, continuous age, sex, SES, origin, and (only for high-school students) 
attendance at vocational school  
CI, confidence interval 
24 
 
Table 4. Adjusted program effects on physical activity and sedentary behaviour after multiple imputation 
of missing data 
 
A. Middle schools 
 





Intervention Control  AOR 
   % (N=1827) % (N=1583)  % (N=1827) % (N=1583)  (95% CI) 
At least one hour of physical activity every day        




 Every day 12.7 14.0  17.1 19.0 
 Missing data 3.1 3.7  1.5 2.2 
Intensea physical activity every day        




 Every day 6.0 7.3  6.8 9.2 
 Missing data 1.5 1.5  0.8 1.0 
Watches TV 3+ hours every day        




 3+ hours/day 30.9 28.9  27.6 29.1 
 Missing data 0.9 0.8  0.7 0.6 
Uses computer or videogames 3+ hours/day        




 3+ hours/day 25.8 26.3  32.1 33.7 
  Missing data 1.3 0.9  0.4 0.8 
 
B. High schools 
 
   Baseline  Post-intervention  One-year follow-up 
 Intervention Control  Intervention Control  AOR  Intervention Control  AOR 
    % (N=755) % (N=896)  % (N=755) % (N=896)  (95% CI)  % (N=755) % (N=896)  (95% CI) 
At least one hour of physical activity every day           










 Every day 12.4 15.0  10.4 12.0  7.7 9.2 
 Missing data 1.7 1.9  18.6 19.8  43.6 38.0 
Intensea physical activity every day            










 Every day 4.9 7.1  5.2 5.3  3.1 4.1 
 Missing data 0.9 1.5  18.5 18.7  41.9 37.4 
Watches TV 3+ hours every day            










 3+ hours/day 29.7 32.0  21.0 24.2  12.2 14.5 
 Missing data 1.2 0.9  18.0 18.8  42.3 37.5 
Uses computer or videogames 3+ hours/day           










 3+ hours/day 35.4 38.8  28.3 32.1  14.9 16.6 
  Missing data 0.8 0.6  18.0 19.3  42.4 37.4 
 
a Defined as ‘any activity that results in increased heart rate and breathlessness some if the time for at least 60 minutes’ (Adams et al., 2013) 
AOR, adjusted odds ratio of program effect accounting for behaviour at baseline, continuous age, sex, SES, origin, and (only for high-school students) 
attendance at vocational school 
CI, confidence interval 
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Appendix A. Measures and test-retest correlations 
 
The outcomes evaluated in this trial originate from 12 measures available from the Italian version of the Health 
Behaviour in School-aged Children questionnaire (Cavallo et al., 2016), and presented in the table below. Questions 
about smoking and alcohol misuse were phrased as: ‘and ‘How many times did you get drunk (if you did) in the past 
30 days’, and students had to choose one of the following responses: 0 times, 1-2 times, 3-5 times, 6-9 times, 10-19 
times, 20-29 times, 30 or more times. For eating behaviour and physical activity, we asked the weekly frequency of 
each behaviour, and enabled selection of one of the following responses: ‘0 times, 1-3 times, 4-5 times, more than 5 
times, every day at least once’. In regard to sedentary behaviour, the question was phrased as ‘Usually, in your spare 
time, how many hours per day do you spend…’ with the relevant behaviour described after this, and students could 
choose one of the following responses: 0 hours, 1-2 hours, 3-4 hours, more than 4 hours. 
 
A test-retest investigation was carried out on the same measures as part of a different study (Allara et al., 2018). 
Given the pertinence of these results for the ‘Paesaggi di Prevenzione’ trial, we decided to add a summary of the 
test-retest study in regard to the specific measures used in this trial. Briefly, the test-retest investigation was 
conducted in 2013 in the Italian region of Piedmont, which was not involved in the ‘Paesaggi di Prevenzione’ trial and 
has sociodemographic characteristics that are broadly similar to those of the Emilia-Romagna region where the trial 
was conducted (Italian National Institute of Statistics (ISTAT), 2017). Three classes were involved. Seventy-two 
students filled out the questionnaire at baseline and 68 after one month. Fourty-nine students completed both 
questionnaires and were included in the analysis sample. Their demographic characteristics (mean age 12 years, 53% 
boys) overlap with those of middle school students included in the ‘Paesaggi di Prevenzione’ trial at baseline (mean 
age 12 years, 51% boys). 
 
Six outcomes had Pearson’s correlation coefficient greater than or equal to 0.70, indicating strong or very strong 
correlation, three between 0.40 and 0.70, reflecing moderate correlation, and five lower than 0.4, suggesting low 
correlation. Overall, test-rest analysis highlights acceptable reliability for the measures used in this trial, although 
low correlation was noted in a minority of measures. 
 
 
Measure Test-retest Pearson correlation 
Past-30-day tobacco smoking 0.9481** 
Past-30-day alcohol misuse -0,0361 
Vegetables consumption every day 0.7298** 
Fruit consumption every day 0.7011** 
Breakfast every day 0.7840** 
Sugar-sweetened drinks 4+ times/week 0.7166** 
Crisps and snacks 4+ times/week 0.3552 
Cakes and ice creams 4+ times/week 0.3584 
At least one hour of physical activity every day 0.6074* 
Intense physical activity every day 0.3787 
Watches TV 3+ hours every day 0.4445* 
Uses computer or videogames 3+ hours/day 0.5721* 
 
*  Moderate correlation (0.40 ≤ Pearson's r < 0.70) 
** Strong or very strong correlation (Pearson's r ≥ 0.70)
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Appendix B. Full results of complete-case and multiple-imputation analyses 
 
A. Middle schools 
 
 Post-intervention (CCA) Post-intervention (MI) 
Variabile Model 1 Model 2 Model 1 Model 2 
  OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Past-30-day tobacco smoking: current (1+time) 1.01 (0.67, 1.51) 1.01 (0.69, 1.48) 1.03 (0.69, 1.53) 1.06 (0.73, 1.55) 
Past-30-day tobacco smoking: frequent (20+) 1.17 (0.53, 2.58) 1.05 (0.46, 2.39) 1.40 (0.56, 3.48) 1.51 (0.57, 3.96) 
Past-30-day alcohol misuse: current (1+) 0.82 (0.49, 1.37) 0.84 (0.49, 1.45) 0.79 (0.45, 1.36) 0.82 (0.47, 1.42) 
Past-30-day alcohol misuse: frequent (3+) 0.44 (0.19, 0.99) 0.45 (0.19, 1.07) 0.42 (0.18, 0.99) 0.44 (0.18, 1.09) 
Vegetables consumption every day 0.84 (0.69, 1.03) 0.84 (0.68, 1.03) 0.85 (0.69, 1.04) 0.84 (0.69, 1.02) 
Fruit consumption every day 0.82 (0.67, 1.01) 0.83 (0.68, 1.00) 0.83§ (0.68, 1.00) 0.82 (0.68, 0.99) 
Breakfast every day 0.95 (0.76, 1.18) 0.96 (0.78, 1.20) 0.94 (0.76, 1.17) 0.94 (0.76, 1.16) 
Sugar-sweetened drinks 4+ times/week 1.06 (0.86, 1.31) 1.07 (0.87, 1.31) 1.06 (0.89, 1.27) 1.08 (0.90, 1.29) 
Crisps and snacks 4+ times/week 0.97 (0.79, 1.21) 0.99 (0.81, 1.20) 1.01 (0.85, 1.20) 1.02 (0.85, 1.22) 
Cakes and ice creams 4+ times/week 0.91 (0.76, 1.08) 0.92 (0.77, 1.11) 0.90 (0.76, 1.07) 0.90 (0.76, 1.07) 
At least one hour of physical activity every day 0.90 (0.74, 1.10) 0.98 (0.79, 1.22) 0.90 (0.73, 1.10) 0.92 (0.75, 1.13) 
Intensea physical activity every day 0.74 (0.56, 0.98) 0.73 (0.55, 0.98) 0.73 (0.54, 0.99) 0.76 (0.56, 1.02) 
Watches TV 3+ hours every day 0.89 (0.71, 1.10) 0.90 (0.71, 1.14) 0.88 (0.72, 1.08) 0.90 (0.73, 1.10) 
Uses computer or videogames 3+ hours/day 0.94 (0.77, 1.15) 0.96 (0.79, 1.16) 0.93 (0.77, 1.12) 0.93 (0.78, 1.12) 
 
B. High schools 
 
 Post-intervention (CCA) One-year follow-up (CCA) Post-intervention (MI) One-year follow-up (MI) 
Variabile Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
  OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Past-30-day tobacco smoking: current (1+time) 0.96 (0.67, 1.38) 1.09 (0.76, 1.55) 0.83 (0.58, 1.19) 0.90 (0.62, 1.31) 0.92 (0.67, 1.28) 0.97 (0.71, 1.32) 0.85 (0.60, 1.21) 0.86 (0.60, 1.22) 
Past-30-day tobacco smoking: frequent (20+) 1.34 (0.79, 2.27) 1.44 (0.83, 2.49) 1.35 (0.89, 2.06) 1.45 (0.94, 2.26) 1.36 (0.84, 2.19) 1.44 (0.91, 2.29) 1.30 (0.89, 1.90) 1.34 (0.93, 1.94) 
Past-30-day alcohol misuse: current (1+) 1.17 (0.78, 1.74) 1.21 (0.80, 1.85) 0.77 (0.49, 1.21) 0.80 (0.51, 1.25) 1.16 (0.81, 1.66) 1.18 (0.83, 1.68) 0.76 (0.53, 1.10) 0.78 (0.54, 1.13) 
Past-30-day alcohol misuse: frequent (3+) 0.80 (0.47, 1.35) 0.83 (0.48, 1.43) 0.79 (0.39, 1.58) 0.80 (0.42, 1.54) 0.79 (0.47, 1.32) 0.79 (0.47, 1.33) 0.75 (0.38, 1.49) 0.81 (0.45, 1.49) 
Vegetables consumption every day 0.88 (0.67, 1.15) 0.83 (0.63, 1.10) 0.85 (0.59, 1.22) 0.79 (0.58, 1.07) 0.87 (0.66, 1.15) 0.85 (0.65, 1.11) 0.92 (0.63, 1.36) 0.85 (0.61, 1.19) 
Fruit consumption every day 1.04 (0.75, 1.44) 0.93 (0.72, 1.21) 0.88 (0.57, 1.35) 0.88 (0.61, 1.26) 1.02 (0.74, 1.40) 0.95 (0.74, 1.22) 0.92 (0.61, 1.38) 0.88 (0.63, 1.22) 
Breakfast every day 0.81 (0.58, 1.13) 0.80 (0.60, 1.07) 0.85 (0.63, 1.14) 0.88 (0.64, 1.20) 0.78 (0.56, 1.09) 0.76 (0.58, 0.99) 0.95 (0.68, 1.31) 0.94 (0.69, 1.28) 
Sugar-sweetened drinks 4+ times/week 0.82 (0.56, 1.19) 0.88 (0.65, 1.19) 1.09 (0.73, 1.64) 1.18 (0.85, 1.65) 0.87 (0.61, 1.25) 0.92 (0.70, 1.22) 1.01 (0.67, 1.53) 1.11 (0.80, 1.55) 
Crisps and snacks 4+ times/week 1.02 (0.69, 1.52) 1.04 (0.77, 1.41) 1.04 (0.68, 1.62) 1.12 (0.74, 1.69) 1.04 (0.71, 1.54) 1.06 (0.79, 1.42) 1.03 (0.68, 1.54) 1.09 (0.76, 1.54) 
Cakes and ice creams 4+ times/week 0.97 (0.75, 1.25) 0.95 (0.74, 1.22) 1.12 (0.84, 1.49) 1.14 (0.86, 1.52) 0.94 (0.74, 1.20) 0.95 (0.75, 1.21) 1.12 (0.84, 1.49) 1.16 (0.87, 1.53) 
At least one hour of physical activity every day 0.85 (0.61, 1.18) 0.91 (0.65, 1.29) 0.97 (0.64, 1.47) 1.04 (0.69, 1.57) 0.86 (0.63, 1.19) 0.90 (0.65, 1.25) 0.94 (0.64, 1.38) 0.97 (0.66, 1.44) 
Intensea physical activity every day 1.10 (0.70, 1.73) 1.23 (0.77, 1.96) 0.85 (0.49, 1.48) 0.94 (0.53, 1.66) 1.08 (0.70, 1.67) 1.16 (0.74, 1.81) 0.78 (0.44, 1.38) 0.81 (0.46, 1.43) 
Watches TV 3+ hours every day 0.81 (0.57, 1.14) 0.83 (0.61, 1.12) 0.83 (0.52, 1.35) 0.79 (0.53, 1.18) 0.81 (0.58, 1.14) 0.85 (0.64, 1.14) 0.77 (0.48, 1.23) 0.81 (0.57, 1.16) 
Uses computer or videogames 3+ hours/day 0.78 (0.56, 1.11) 0.80 (0.61, 1.05) 1.00 (0.71, 1.41) 0.95 (0.70, 1.29) 0.80 (0.57, 1.13) 0.85 (0.64, 1.11) 1.02 (0.69, 1.51) 1.07 (0.78, 1.46) 
 
a Defined as ‘any activity that results in increased heart rate and breathlessness some if the time for at least 60 minutes’ (Adams et al., 2013) 
CCA, complete-case analysis  MI, multiple imputation  OR, odds ratio CI, confidence interval 
Model 1: program effect program adjusted for behaviour at baseline 
Model 2: effect of the adjusted program for behaviour at baseline, continuous age, sex, SES, origin, and (only for high schools) vocational vs. university-preparatory school. Corresponds to AOR estimates in Tables 1-4. 
